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[57] ABSTRACT 

A memory device provided with an improved control 
circuit for enabling effective interface with a CPU. The 
device comprises a memory circuit, a first terminal for 
receiving a strobe signal for placing the memory circuit 
in an accessed state, a second terminal for receiving a 
chain of clock signals, digital counter for counting the 
clock signals in response to the strobe signal having a 
plurality of different value of count, output tenninaJs, a 
circuit for selectively deriving a count signal from one 
of the count output terminal according to a pro- 
grammed state, and a ready signal generating circuit for 
generating a ready signal for indicating the completion 
of the access operation of the memory circuit in re- 
sponse to the count signal. 

12 Claims, 6 Drawing Figures 
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the number of species of the access time of tbe memory 

MEMORY DEVICE ICs employed in the application system, 

_ _ Moreover, in order that each of the above-referred 

BACKGROUND OF THE INVENTION ready signal circuits may operate only when a reS 

The present invention relates to a memory device, 5 memory IC has been selected, the respective ready 

and more particularly a semiconductor memory device signal circuits-must be associated with a selection circuit 

fabricated as an integrated circuit (hereinafter abbreyi- such as an address decoder, and hence there is a disad- 

ated as "ICO- vantage that the circuit construction becomes complex. 

In general, an access operation of a memory such as a recent years, construction of application systems 
read-only memory (hereinafter abbreviated as "ROM"), has been made compact by making use of large-capacity 
a random access memory (hereinafter abbreviated as memories, and even a handy type application system is 
"RAM") fabricated as an IC (memory IC) is controlled manufactured in which a CPU, ROM, RAM, etc, are all 
by a control processing unit (hereinafter abbreviated as formed of a CMOS structure. Accordingly, as applica- 
"CPin which controls a system including the memory tion systems becomes more compact, it is desirable for 
ICs. In this respect, interfacing between memory ICs the systems to have a smaller number of the mentioned 
and CPU, has been a significant problem. Basically it is additional circuits. Hence addition of the above- 
possible to match the interfacing provided that struc- referred ready signal circuits as well as the aforemen- 
tures of addresses and data buses are coincident be- rioned selection circuits, as is the case with the prior art, 
tween the CPU and the memory ICs. However, in such M not only would prevent the application system from 
cases, there still remains a problem in that the process-. being made compact but also would result in a rise of 
ing tune ^required for a data read from a memory IC the system cost, and this would be a big disadvantage 
(hereinafter called "access time") is not identical to the 

duration of a read signal or a write signal from a CPU. SUMMARY OF THE INVENTION 

The aforementioned access time is largely influenced by ^ It is therefore one object of the present invention to 

the memory capacity, an internal circuit structure of the provide a memory device which can realize optimum 

memory IC In recent years, large-capacity memories interfacing to a CPU 

have been required in various application systems, Another object of ihe present invention is to provide 

hence there is a trend toward developing memory ICs a memory ^ted circuit in which a memory device 

nST^S the memory capacity is w ^ a long ^ess time can be accessed within Z 

E^S' ~ nt capacitance of the memory is greatly optiraura access ^ ^out externally providing an 

In^v ^ g 7 of Ae a f«? 8 additional circuit whereby a system can be made IT 
. In addition, in application systems employing batter- • ♦ j _ / 3 t „ «ww 

ies as a power supply, memory ICs conLtmg of com- ^t^SS^E? ?Z 
plementary MOS device (hereinafter abbreviated as « A * one feature of the present invention, 

"CMOS") constructions operable with low power con- * l "vT? wWch 

sumption are used in place of the heretofore known 51 J*^' *• ? 9 ^ ^ 

memory ICs consisting of n-cbannel MOS device T *\ *? ^T^ 8 ° f "» 

(hereinafter abbreviated as "nMOS") constructions. a clock * lts and a selection 

Memory ICs of CMOS construction require long ac- 40 ^ S out Pnttmg any one of tbe contents 

cess time as compared to memory ICs of nMOS con- p1urabty of blt sta ^ are formed on the same 

sanction, although the former operate with low power ChJp 35 a memory dev1ce * 

consumption. In particular, in a CMOS ROM, in which BRIEF DESCRIPTION OF THE DRAWINGS 
a plurality of n-channel transistors as memory cells are , , 

connected in series for the purpose of enhancing the 45 ^ above-mentioned and other features and advan- 
degree of integration, the access time of the ROM is tegcS of J™ 6 P rcseat invention will become more appar- 
detennined by the number of the serially connected ? y refcrence to ^following detailed description of 

transistors performing as a time constant circuit, so that . mvenDOn m conjunction with the accompany- 
the access time of such CMOS type ROM is several-ten- mgdrawmgs, wherein: 

fold longer as compared to the high-speed ROM's. 50 1 * a bIock dia S ram showing one preferred 

In the case of a memory IC having an access time embodiment of a memory integrated circuit according 
equal to or shorter than that required by the CPU, the 10 the present invention in which a ready signal genera- 
CPU can operate at its inherent speed. However, in the tor circuit * included, 

case of a memory IC having an access time longer than FIG - 2 « a block diagram showing a ready signal 
that required by the CPU, it is necessary to elongate the 55 generator circuit according to one preferred embodi- 
read signal and the write signal by extending the read ' ment °f ^ c present invention, 

cycle and the write cycle, respectively, of the CPU. 3 including a-j, is a time chart showing opera- 

However, among the known methods, the method of Oon waveforms at various points in the ready signal 
slowing down the operation speed of a CPU has a short- generator circuit in FIG. 2. 

coming that the operation and processing speed of the 60 FIG - 4 * a block diagram showing a one-bit age in a 
entire application system is slowed down because the shift register as used in tbe ready signal generator co- 
operation speed of the CPU is slowed down even at a cuit in FIG. 2, 

time other than an access time of a memory IC . FIG. 5 is a circuit diagram showing a selection circuit 

In addition, in the case of utilizing a ready function, as as used in the ready signal generator circuit in FIG. 2, 
above referred ready signal circuit, separate circuits are 65 and 

necessitated for respective memory ICs each having a FIG. 6 is a block diagram showing a ready signal 
different access time. There exists the disadvantage that generator circuit according to another preferred em- 
the above-referred ready signal circuits are as many as bodiment of the present invention. 
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DETAILED DESCRIPTION OF THE Ievd when ROM IC 1 is selected, and when the 

INVENTION ROM IC 1 has been selected, the read signal (b) issued 

from the CPU becomes effective and is input to the 

Now the present invention will be described in ready signal generator circuit 2 contained in the se- 
greater detail with reference to the accompanying 5 lected ROM IC 1 through the NOR circuit 14. The 
drawings. output signal of the NOR circuit 14 is led to a NAND 

A memory integrated circuit according to the present circuit 15 and an inverter 16 in the ready signal genera- 
invention in which a ready signal generator circuit is tor circuit 2, and besides, it is led to a circuit outside of 
contained, is illustrated in FIG. I. In the following the illustrated region as a read control signal. Further- 
description a ROM is employed as the memory. How- 10 more, the output of the NOR circuit 14 is led to an input 
ever it will be obvious that the present invention can be terminal of a shift register 17. This shift register has a 
equally applicable in the case of a RAM. "6-bit structure" in the illustrated embodiment, and it 

A ROM IC 1 comprises a ready signal generator has a structure adapted to shift in response to a rising 
circuit 2 including a shift register or a counter, a chip- edge of a clock signal (c) applied through a terminal 18. 
select latch circuit 3, an address latch circuit 4, a de- 15 The respective bit outputs of this shift register 17 is led 
coder section 5, a memory section 6 including memory to a selection circuit 19. The cross-points t9\> 192, 193, 
cells in a matrix of rows and columns and an output 194, 19 3 and 19 6 between the outputs of the shift register 
circuit 7. A chip-select signal for designating access to 17 and an output line of the selection circuit 19 are 
this particular ROM and address signals Ae-Aj, (the normally opened, and hence the respective outputs of 
value of V being determined at a given number depend- 20 the shift register 17 are not related to the output of the 
ing upon a memory capacity of the memory section 5) selection, circuit 19. If the output line of the selection 
for addressing the ROM are respectively stored in the circuit 19 is connected to one output of the shift register 
latch circuit 3 and the latch circuit 4, respectively, upon 17 at the corresponding one of the above-described 
level change of a read signal from "1" to "0" (upon cross-points 19j to 19& then the output from the bit 
faDmg). During the period when the read signal is at the 23 stage of the shift register 17 corresponding to the con- 
"1 "-level, the decoder section 4 designates no address in nected cross-point appears at the output of the selection 
the memory section 5 regardless of the contents in the circuit 19. In the illustrated example, since connection is 
latch circuit R3 and latch circuit 4. When the read made at the cross-point 19 3 (marked by a small circle in 
sgnal as an access request signal changes from TMevel FIG. 2\ the output from the "third bit" stage of the shift 
to TT-Ievel, the chip select signal as well as the address 30 register 17 appears at the output of the selection circuit 
signals Ao-Aji are latched in the respective latch circuits 19. By changing the connected cross-point in the selec- 
3 and 4, and applied to the decoder section 5. In addi- tion circuit 19, the output bit stage of the shift register 
Uon, the ready signal generator circuit 2 starts its opera- 17 can be varied. In other words, a count value for the 
tion as digital delay means and generates a ready signal clock can be varied. 

after a predetermined number of clock signals which 35 The output of the selection circuit 19 is led to the 
are commonly utilized both for a CPU and this ROM. other input terminal of the above-referred NAND cir- 
The decoder section 5 decodes the address signals cuit 15. The output of this NAND circuit 15 is con- 
A^rA* to designate one address of the memory section nected to a terminal 11 to output a ready signal (j) for 
6 if the chip select signal is in an active state. In the controlling a ready function of a CPU located outside of 
output circuit 7 for outputting data at the designated 40 the illustrated region. The setting of the states of the 
address, if an output control signal (OC) is in an active cross-points in the selection circuit 19 is preferably 
state, the output signals from the memory section 6 are achieved through a similar process to the setting of 
derived from output terminals O<r-O m (the value of *m' memory codes in a ROM IC 

being varied depending upon the memory structure, but Now, with reference to FIG. 3, description wfli be 
if the output control signal (OQ is in an inactive state, 45 made on the characteristic operations of the ready sig- 
the output terminals 0«r-O w take indeterminate states nal generator circuit 2 of FIG. 2. When this particular 
(m^-impedance states). ROM IC 1 is not selected, since the chip select signal (a) 

Accordingly, a delay time determined by a clock is at a high level, the output of the NOR circuit 14 takes 
signal and a programmed value of a number of delay a low level, and hence the output of the NAND circuit 
bits in the ready signal generator circuit as will be de- 50 15, that is, the ready signal (j) is maintained at a high 
scribed later, is selected at a predetermined value which le veL Here it is to be noted that in a system employing 
corresponds to the period from the time when demand a plurality of ROM ICs, since a CPU checks the ready 
for access from a CPU (not shown) has been received to signal of only the selected ROM IC, the ready signals 
the tune when an output becomes effective, so that a from other ROM ICs are kept at a high level so that it 
ready signal may be held in an active state during the 55 may not effect the ready signal of the selected ROM IC 
period after the read signal has changed from "1 "-level Assuming now that this ROM IC 1 has been selected, 
to "(r-Ievel until the decoder section 5, memory section then the chip select signal (a) is at a low level. However 
6 and output circuit 7 operate and data are output at the as the shift register 17 is kept reset by receiving a reset 
output terminals Opto O m . signal R from the inverter 16 i.e. its initial state while 

FIG. 2 shows, in a block form, a structure of an essen- 60 the read signal (b) is maintained at a high level, the 
tial portion of one preferred embodiment of the present outputs from the respective bit stages of the shift regis- 
mvention, which comprises a ready signal generator ter 17 are all held at a low leveL In addition, since the 
circuit 2 contained in a ROM IC L A read signal (b) output of the NOR circuit 14 is at a low level the out- 
applied through a terminal 13 is led to one input termi- put of the NAND circuit 15. that is, the ready signal (j) 
nal of a NOR circuit 14. To the other input terminal of 65 is maintained in a high level condition, 
the NOR circuit 14 is applied a chip select signal (a) Subsequently, when the read signal (b) changes from 
issued from a CPU through a terminal 12. This chip a high level to a low level upon an access command, the 
select signal (a) is a signal whose level becomes a low output of the NOR circuit 14 is turned to a high level, 
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whfle the output of the inverter 20 is held at a high of the ROM IC lean be established. In addition, even in 

level, so that the output of the NAND circuit IS the case where a repetition period ofa clock signal b 1.5 

changes to a low level, and thus the ready signaMj) is times as large as that in the first-described case, likewise 

turned to a low level. When a CPU located outside of the inactive period of the ready signal (j) can be set 
the illustrated region has detected the low level of the 3 nearly at the same value as the above-described two 

ready signal (j), a enters into a wait condition for pro- cases by closing the cross-point 19j in the selection 

longmg access to a memory. In addition, when the read circuit 19 to connect the second bit stage output of the 

*^£>^?/' 0W le * d *» shiftregister 17 to the output line of the selection circuit 

NOR circuit 14 changes to a high level, the high-level 19 

Ktr^t^^r'^Sf 10 ™* b * connection at 

toon via the inverter 1* so that Jhe shift reg,ster 17 has one of the cross-points befween the respective bit stage 

*e high level atlhe output of the NOR circuital* input otJtputs 0 f the sWft register 17 and theo^t line ofthe 

J ^ZST^JS* Ife t 2? ***** »■ duration of an inactive cS 

~t tK^kJfl y \u Therefore, the 15 m access ^ of a memory device Furtnermorc> by 

the output of the £2^!^" 

from the third bit stage output ofthe shift-register 17, is 1^^? .rTl * ' °^ " ' " !? 

stifl kept at a low level. Consequently, the ready signal 20 £ * g f th f i dura ? 0n . of 311 ^ ve ^a*- 

0) is held at a low level. At thesecond rismg edge of the d0n ° f ^ * y 56 1 lect ? ve c ? nncctK>n of 

clock signal (c) (denoted by ® in FIG. 3), the shift- CT ^" pcmts m *kctnm circuit 19, can be 

register again shifts by one bit, so that the output of the made *! ** o?*™™* Dumber of clock cycles depending 
second bit stage ofthe shift register 17 changes to a high uppn «e reference input clock signal of a CPU or a 
level (denoted by © in FIO. 3), but the ready signal (j) 25 * hen Ac mem °ry codes are set in the ROM 

still remains at a low level. ^ ow ^ deta2ed structure ofthe shift register 17 will 

Next, at the third rising edge of the clock signal (de- described m connection to one bit stage therein with 
noted by ® in FIG. 3), the output of the third bit stage Terence to FIG. 4. Each stage in the shift register 17 
of the shift register 17 changes to a high level (denoted comprises inverters 42, 43 and 45,. NAND circuits 41 
by ® in FIG. 3), hence the input of the inverter 20 30 <md44 » Md transfer gates 46 to 49. The transfer gates 46 
takes a high level, and thus the output ofthe inverter 20 49 become active when a clock signal is T to pass 

is turned to a low level. As a result, the output ofthe an. input signal from the left to the right as viewed in 
NAND circuit 15 changes to a high level, and the ready FIG - *• The transfer gates 47 and 48 become active 
signal (j) takes a high level (denoted by © in FIG. 3) when a clockjagnal is 'XT and hence the output of the 
which represents an active condition. Under such an 35 inverter 42 is **l w . Accordingly, when the dock signal is 
active condition, a CPU located outside of the illus- tne transfer gates 46 and 49 become active and an 

trated region is informed that data have been established m P ui » taken in the stage through the gate 46. A 
in the ROM IC 1L Accordingly, if the period when the latcn consisting of the NAND circuit 44, inverter 45 
ready signal 0 is at a low level representing an inactive 311(1 £* te 49 serves to store data. The circuit in the next 
condition (denoted by (5) in FIG. 3), b selected to be a 40 succeeding stage takes in the content of this latch in a 
little longer than the access time of the ROM IC1, then similar manner. Subsequently, when the clock signal 
the CPU can get the established data from the ROM IC becomes "1", the input data which has been already 
1, because the GPU is adapted to take in data only after ^cn in is stored in a latch composed of the NAND 
it has confirmed that the ready signal (j) changes to a . circuit 41, inverter 43 and gate 46, and also it is input to 
high level. . 45 tne NAND circuit 44 via the gate 48. By repeating the 

As described above, the period when the ready signal above-described operations, data shift by 1 bit is ef- 
(j) is at a low level On an inactive condition) is substan- fected during the changes of the. clock signal of from 
tially determined by a repetition period of the clock "1" to **0" to - 4 l n . Reset of the shift register is achieved 
signal (c) and a number of clock pulses of the clock by resetting the latch consisting of the NAND circuit 
signal to be input to the shift register 17 during that SO 41, inverter 43 and gate 47 and the latch consisting of 
period. Therefore, in the event that another CPU is the NAND circuit 44, inverter 45 and gate 49 by chang- 
connected to this ROM IC 1 and a different clock signal nig the other inputs of the NAND circuits 41 and 44 to 
having a repetition period equal to one-half of that of "0". The output from the inverter 43 is used as the 
the above-described clock signal (c) is input to the output from the shift register stage to the selection cir- 
ROM IC 1, then the pross- point 19i in the above- 55 cuit 19. 

described selection circuit 19 is closed to connect the Now description will be made of one practical exam- 
sixth bit stage output to the output line of the selection pie of the sdection circuit 19 with reference to FIG. 5. 
circuit 19, so that after the read signal (b) changed to a In this example, the respective programmable elements 
low level, at the sixth rising edge of the clock signal (c) 19i-196 have transfer gate structures, whose gates all a 
the ready signal (j) may be turned to a high level (an 60 "0"-Ievel applied thereto, and hence, all these elements 
active condition). In this modified case, the duration of are not in- an inactive condition. Accordingly, input 
the period when the ready signal (j) is kept at a low . lines (d)-(i) are normally disconnected from output line 
level (in an inactive condition) is substantially equal to (m) of the selection circuit 19. However, if the selection 
that in the first-described case where, the cross-point circuit 19 is programmed as marked by a small circle at 
^ e sc? 601 * 00 circuit 19 is closed to connect the 65 a cross-point element 193 in the example shown in FIG. 
third bit stage output to the output line of the selection 2, the input line (0 and the output line (m) of the gate 
circuit 19. Therefore, an inactive condition of the ready 193 are connected together (through the same process as 
signal having an optimum duration^ for the access time used for storing ROM codes in a memory section), and 
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hence, the input signal on the input line (0 is input to the an access time has been counted a ready signal may be 
inverter 20 in FIG. 2 through the output line (m). output. Therefore, it becomes possible to access to a 

With regard to the process for short-circuiting the memory device having a long access time in an opti- 
input line (Q to the output line (in) in the element 193, it mum access time. Furthermore; it is possible to make a 
can be achieved by making the operation mode of the 5 system compact and enhance the processing efficiency 
transistor 193 a depletion mode by selectively injecting of a system. Moreover, since a programmed condition 
the same impurity as the source and the drain into the of a selection circuit can be set when memory codes are 
channel region. Alternatively, so-called non-volatile set in a ROM IC, the number of clock pulses to be 
memory elements employing floating gate structures counted can be varied depending upon a repetition 
could be used for the respective elements 191-19* and 10 frequency of an input clock signal fed from a system or 
the element 19 3 could be programmed into a depletion a CPU, and thus there is obtained an advantage that a 
mode or normally conductive mode, by giving it a low ready signal which is optimum for an access time of a 
threshold value. memory device can be generated. 

While the above-described embodiment disclosed the I claim: 
case where the number of input clock pulses in a clock 15 1. A memory device comprising a plurality of mero- 
signal is made to be programmable by shifting an output ory cells, means for receiving address signals, means for 
connection point in a selection circuit employing a shift selecting at least one of the memory ceDs in accordance 
register, alternatively the shift register can be realized, with said address signals, means for receiving an access 
for example, by serially connecting flip-flops. In addi- request signal, at least one output terminal, means ra- 
tion, the function of the shift register can be achieved by 20 sponsive to said access request signal for producing 
counting a number of clock pulses in the input clock read-oat signal from the selected memory cell after its 
signal by means of a counter. In this case, it is preferable operation period, means for receiving a chain of clock 
to employ a circuit structure in which a mode counter is signals, digital delay means including a plurality of bit 
provided, a predetermined count is preset in the mode stages, means for applying said access request signal to 
counter and the ready signal is controlled when the 25 said digital delay means, means for applying said clock 
count in the clock counter and the count in the mode signals to said digital delay means, said digital delay 
counter coincide with each other. means sequentially energizing said plurality of bit stages 

Another preferred embodiment of the present inven- one by one in accordance with the increase of number 
oon will be described in the following with reference to of said clock signals applied thereto after receipt of said 
FIG. 6. This embodiment is one example of the circuit 30 access request signal, programmable means having a 
structure in which the ready signal generator circuit is plurality of input lines each receiving a signal from the 
formed by making use of a counter, In this embodiment, associated bit stage of said digital delay means, an out- 
ui the event that either a read signal (b) is " 1" or a chip put line intersecting with said input lines and a plurality 
select signal (a) is M 1 M (not in an active condition), an of programmable elements disposed at the intersections 
output of an OR circuit 14 becomes "1", and hence a 35 of said input lines, each of said programmable elements 
counter 64 is reset. At the moment, since an output of an being capable of taking one of a first state for electri- 
inverter 62 is "0**, an output of an AND circuit 61 is cally isolating said output line and the associated input 
fixed to y. Accordingly, the outputs of the counter 64 line and a second state for providing an electric path 
are all *T/\ hence outputs of exclusive-OR circuits 65 to between said output line and the associated input line, 

68 are all "0", and hence, an output of an AND circuit 40 and means for generating a ready signal when said out- 

69 is held "0". Since an output of a NOR circuit 70 is put line is energized after the receipt of said access 
fixed to "<r by the "I" output of the OR circuit 14, a request signal, whereby said ready signal is produced 
ready signal (j) at a terminal 1! is M r. In a programming through a desired period defined by the bit stage of said 
circuit 29, either "1" or "0° is output on each one of digital delay means associated to the input line coupled 
four output lines by interconnecting an input and an 45 to the programmable element made in said second state 
output of either one of two transfer gates connected to from the time point of the receipt of said access request 
each output line. Accordingly, in order that coinci- signal. 

dence may occur when the count in the counter 64, that Z The device according to claim 1, in which said 
is, the binary codes in the respective stages 64-1-64-4 digital delay means includes a counter made of a plural- 
are 1010, it is only necessary to program the program- 50 ity of bit stages. 

ming circuit 29 so that the input and output of each of 3. The device according to claim 1, in which said 
the programming transistors Q„, Q A Q e and Q h in the digital delay means include a shift register made of a 
circuit 29 may be interconnected. When both the chip plurality of bit stages. 

select signal (a) and the read signal (b) become "0" (an 4. The device according to claim V in which said 
active condition) and hence the output of the OR circuit 55 desired period is selected not less than the operation 
14 becomes "0", the counter 64 starts its operation, and period of said producing means 



— I producing i 

the ready signal Q) becomes "0". Subsequently, when . 5. An integrated circuit comprising a memory circuit, 

the count in the counter 64 coincides with the output of a first terminal for receiving an access request signal for 

the programming circuit 29, .the output of the AND commanding an access request to said memory circuit, 

circuit 69becomcs "1", and so, the ready signal 0") also 60 a second terminal for outputting read out data from said 

becomes " V\ As described above, a ready signal gener- memory circuit through a response time thereof from 

ator circuit can be formed of a counter, a programming the receipt of said access request signal, a third terminal 

circuit and a coincidence circuit for receiving a chain of clock signals, a shift register 

As described m detail above, according to the present having a plurality of bit stages and having a reset tenni- 

lnvention, on the same chip as a memory circuit there is 65 nal, means for applying a reset signal to said reset termi- 

provided a circuit which can be arbitrarily set so that nal when said access request signal is absent thereby to 

clock pulses in a reference input clock signal are place the bit stages in their initial states, means for ap- 

counted and when a number of clock pulse matched to plying an input signal to said shift register when said 
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s request signal b present, means for applying said pled to said second line, a fourth terminal, a NAND 

^°^ cl ^ a 8 D ^?!°^ d .^ re ^ CT . Mshift P u ls«s» gate receiving an output signal from said second in- 

said shift register shiftrog said inpu t signal one by one to verier circuit and the output signal from said NOR gate, 

said bit stages in accordance with said clock signal and means for applying an output signal to said four* 

when said access request signal is present, a fourth ter- s signal 

S 1^"*? ha , Vin8 i. a ? ,0r ? li,y 0f inpu < 9 An integrated circuit comprising a memory circuit, 

terminals, an output terminal and selection means re- a flrst tenm ^j for receiving a strobe signal for making 

sponsive to a desired one of said mput termmals for mcmoxy m ^ stole, a second^erm* 

energtzmg said output ternunal, means for supplying ^ for a chain of lse ^^^^ 

said input terminals with output signals from said bit r ^ Pr .„:« • 6 # . - / °: ^ winner 

stages/and nieans responsive io a si^of said^ut^ 10 ^ ri fnl 7, g % * ^ tCTmmal 

terminal for applying a ready s^gnal^indi^gT ^SK^^ 

data at said^second terminal becomes valid to said 2? r^^l^ T C0 5 

fourth signal p ° ^d reset terminal, means for supplying said 

* The circuit according to claim 5, in which said %TJ?Z* 5^™^ *fSft " plU "? ity 

selection means includes a plurality of programmable I* r f.^™ ^^f^* ^ WtmMe to provide a 

elements, each being programmable into eiUier a con- P roducm f U P 0 ^** « * second state 

ducting state or a noncono^cting state and coupW £^ UCmfi d ^ rcnt P ,walit y of 

between the associated input terminal and said output ££52 ^ n f^ each receiving a signal from the 

terminal associated count output terminal and a potential from 

7. An integrated circuit comprising a memory circuit, 20 I^^?? 51 ™ ^. AN ^ gate receiv- 
a first terminal for receiving an access request signal for mg ™ P ^ d ExclusiveOR gates at its 
designating a read operation to said memory circuit, a T P a NOR receivul g an out P u < signal 
second terminal for outputting read out data from said ^ said AND gate and said strobe signal, a third ter- 
memory circuit through an operation time from the ^Tt^T meaM . fonnectiiig an output terminal of 

. receipt of said access request signal, a third terminal for 25 "f« N f* *■* to ^ term ^ nal - 
receiving a clock signal, a counter having a count input r memory dev,ce comprising a memory circuit, 
terminal and a plurality of different count output termi- first means for . r ? ceivm S a strobe signal for placing said 
nals, means for applying said clock signal to said count mem . ory Qicm m 3X1 accessed state said memory circuit 
input terminal of said counter, means for controlling starting a memory operation in response to a receipt of 
said counter so as to start counting said clock signals in ^ said strobe signal and completing it after a predeter- 
response to receipt of said access request signal, a pro- ^ fame pened, digital delay means composed of a 
grammable selection circuit having a plurality of input Ph^ahty of delay stages each outputting a different 
lines coupled, to said count output terminals, an output . ay means for applying said strobe signal to said 
line, and a plurality of program elements each coupled digital delay means as an input signal to be delayed, a 
between the corresponding input line and said output programmable circuit having a plurality of input lines 
line, an electrical coupling between a selected input line 35 r&zeivln & the respective outputs of said plurality of 
and the output line being provided by the programmed dela y stages, an output line, and a plurality of program- 
state of the program element associated to the selected rnable elements coupled to the associated input lines and 
input line, a fourth terminal, means responsive to a to s^d output lme, each of said programmable elements 
signal from said output line of said programmable selec- taking a first state electrically isolating the associated 
tion circuit for generating a ready signal for indicating 40 ™P ut Iine from ^d output line or a second state electri- 
that read out data is outputted at said second terminal, *^^ y coupling the associated input line to said output 
and means for applying said ready signal to said fourth and means responsive to a signal from said output 
terminal. " tine for generating a ready signal designating operating 

8. An integrated circuit comprising a memory circuit, 5tale of s^d memory circuit. 

a first terminal for receiving, a chip select signal for 45 }}• ** ne device according to claim 10, further corn- 
enabling said memory circuit, a second terminal for prising means for recei ving a chain of clock signals, said 
receiving an access request signal for commanding a digital delay means operable with said clock signals and 
read operation to said memory circuit, a third terminal responsive to said strobe signal, said digital delay means 
for receiving a chain of clock signals, a shift register taking an initial state when said strobe signal is absent 
circuit having a data terminal, a shift terminal and a 50 whUe ^ing enabled when said strobe signal is present, 
reset terminal and composed of plurality of bit stages, 12- An integrated circuit comprising a memory cir- 
means for connecting said third terminal to said shift cuit, first means for receiving an access request signal 
terminal, a NOR gate receiving said chip select signal *°r requesting an access operation to said memory cir- 
and said access request signal at its input terminal, a first cuit, said memory circuit completing a memory opera- 
inverter circuit having an mput terminal coupled to an „ 0011 after a predetermined period of time has elapsed 
output terminal of said NOR gate, means for connecting from receipt of said access request* signal, means for 
an output terminal of said first inverter circuit, means receiving a series of pulse signals, digital delay means 
for connecting said data input terminal of said shift operated by said pulse signals and generating a plurality 
register to the output terminal of said NOR gate, a of delay output signals having different values, means 
plurality of first lines each coupled to associated one of for starting delay operation of said digital delay means 
outputs of said bit stages, a second line intersecting with 60 in response to the receipt of said access request signal, 
said first lines, a plurality of program elements disposed selection means having a plurality of programmable 
at said intersections of said first lines and said second elements, said selection means selecting one of said 
line, said program elements having either of first mode delay output signals in accordance with a programmed 
responsi ve to a level change of the associated first line state of said programmable elements, and means respon- 
for causing a level change at said second line and second 65 sive to the selected delay output signal for generating a 
mode causing no level change at said second line irre- ready signal indicating the memory operation of said 
spective of the level change of the associated first line, memory cell is completed, 
a second inverter circuit having an input terminal cou- 0 0 0 • * 



